BACKGROUND This study was part of a Phase 3 program treating crow's feet lines (CFL) with onabotulinumtoxinA.
onabotulinumtoxinA conducted in more than a decade for a new cosmetic indication, crow's feet lines (CFL). Several small clinical trials have demonstrated the efficacy and safety of onabotulinumtoxinA for treating CFL. In a double-blind, placebo-controlled, split-face study, subjects (N = 60) with bilaterally symmetrical moderate or severe CFL at maximum contraction received 6, 12, or 18 U onabotulinumtoxinA into the orbicularis oculi on 1 side of the face and placebo on the contralateral side. 1 In that study, treatment success was defined as at least a 1-grade improvement from baseline at maximum contraction on the Facial Wrinkle Scale (FWS). All doses of onabotulinumtoxinA resulted in treatment success rates that were significantly superior to placebo response rates. The adverse event (AE) rate was low, with mild bruising being the most common AE in each treatment group.
Two Phase 2 studies were also conducted to determine the optimal dose for treating CFL. In the first study, subjects (N = 162) received a single bilateral treatment with total doses ranging from 6 to 36 U onabotulinumtoxinA or placebo, 3 injections per side in the lateral aspect of the orbicularis oculi. 2 Responder rates (at least a 1-grade improvement at maximum smile on the FWS, assessed by the investigator) were significantly higher with onabotulinumtoxinA than with placebo treatment at each time point, up to Day 150 in groups treated with 24 or 36 U, up to Day 120 in those treated with 12 U, and up to Day 30 for those receiving 6 U. Subject rating of improvement based on the Subject's Global Assessment of Change in Crow's Feet Lines (SGA-CFL) consistently favored the 24 U dose than the 36 U dose. The rate of AEs did not differ among treatment groups, including placebo; the most frequent treatment-related AE was bruising at the injection site. Results from the second study were similar and confirmed that the 24 U dose is appropriate for the treatment of CFL (Data on file; Allergan, Inc., Irvine, CA). Dosing and injection patterns for this study were based on the results of these Phase 2 studies.
Methods

Study Design and Subjects
This was a multicenter (23 sites), double-blind, randomized, placebo-controlled, parallel-group Phase 3 study (www.clinicaltrials.gov identifier: NCT01189747) that included a single treatment with either onabotulinumtoxinA (BOTOX Cosmetic; Allergan, Inc.) or placebo and a 5-month follow-up. Subjects were males or females of at least 18 years old with moderate-to-severe bilaterally symmetrical CFL at maximum contraction (smile) as assessed by both the investigator and subject using the FWS (0 = none, 1 = mild, 2 = moderate, and 3 = severe). To participate in the study, subjects had to provide written informed consent. Other key inclusion and exclusion criteria are in described in Table 1 . The study was conducted in accordance with the guidelines and regulations for Good Clinical Practice and all relevant local and country privacy guidelines. Investigators obtained approval from their institutional review board or independent ethics committee in compliance with the Declaration of Helsinki. The planned enrollment was 440 subjects (220 per group).
Procedures
Eligible subjects were randomized in a 1:1 ratio to receive either onabotulinumtoxinA 24 U or placebo. OnabotulinumtoxinA purified neurotoxin complex containing 100 U botulinum toxin type A (BoNTA), 0.5 mg albumin (human), and 0.9 mg sodium chloride was reconstituted with 2.5 mL of preservative-free sterile 0.9% sodium chloride. Placebo was 0.9 mg sodium chloride, supplied in a sterile vacuum-dried form, reconstituted the same way as onabotulinumtoxinA. Reconstitution and preparation of syringes were undertaken by individuals who had no interactions with subjects.
On Day 1, all subjects received 3 injections per side, for a total of 6 injections to the lateral aspect of the orbicularis oculi muscles ( Figure 1A ,B). The volume of each injection was 0.1 mL and contained either 4 U onabotulinumtoxinA or placebo. All injections were performed with the needle tip pointed away from the eye and with the bevel up. Follow-up visits were at Weeks 1 and 2 and Days 30, 60, 90, and 120. The study exit was at Day 150.
Efficacy Outcome Measures
Primary Primary efficacy outcomes were based on the FWS severity of CFL at maximum smile as assessed by both investigators and subjects. The primary time point for these measures was Day 30 posttreatment. The coprimary end points were the proportion of subjects achieving a grade of 0 (none) or 1 (mild) on the FWS as assessed independently by investigators and subjects. For the United States Food and Drug Administration (US FDA) only, the composite primary efficacy end point was the proportion of subjects achieving at least a 2-grade improvement from baseline on the FWS as assessed by both the investigator and subject on a persubject basis. All investigator and subject FWS assessments were also analyzed separately.
Secondary
The primary time point for secondary end point analyses was also Day 30 posttreatment. Two secondary end points were based on the FWS severity of CFL as assessed by investigators. Responder rates for these 2 end points were defined as the proportion of subjects with at least a 1-grade improvement at maximum smile and at least a 1-grade improvement at rest.
Several patient-reported outcome (PRO) measures for evaluating facial lines, which assessed psychological impact, satisfaction, and subjects' perception of global change, were also specified as secondary end points. These included the Facial Line Outcome questionnaire (FLO-11), the Self-Perception of Age (SPA), the SGA-CFL, and the Subject Assessment Current enrollment in an investigational drug or device study or participation in such a study within 30 days of entry into this study Permanent makeup that would interfere with the assessment of facial wrinkles Subject had a condition or was in a situation that in the investigator's opinion may have put the subject at significant risk, confounded the study results, or interfered significantly with the subject's participation in the study subjects with moderate-to-severe CFL (Data on file; Allergan, Inc.). The SPA assesses subjects' SPA within the context of current age, reporting if they perceive themselves to look their current age, younger than their current age, or older than their current age, and the years younger or older that they perceive themselves to look. The SGA-CFL is a 7-point scale for evaluating the change in appearance of the CFL (1 = very much improved, 2 = much improved, 3 = minimally improved, 4 = no change, 5 = minimally worse, 6 = much worse, and 7 = very much worse). The Subject Assessment of Satisfaction of Appearance is a 5-point scale (1 = very unsatisfied; 5 = very satisfied).
Duration of response was estimated by Kaplan-Meier analysis for subjects deemed to be responders at Day 30, based on 2 measures as assessed by investigators: those subjects achieving a grade of none or mild on the FWS or those having at least a 1-grade improvement on the FWS at maximum smile.
Safety Measurements
Adverse Events Adverse events were monitored throughout the study and were classified as mild, moderate, or severe. Investigators determined the relationship to study the drug. Serious AEs were any events at any dose that were deemed life threatening or resulted in death, inpatient hospitalization or prolongation of existing hospitalization, a persistent or significant disability or incapacity, or a congenital anomaly or birth defect. Other events could be considered serious if they could have jeopardized the patient and required intervention to prevent one of the outcomes above. Allergan, Inc. also classifies all cancer AEs and abortions as serious events.
Neurologic Assessments
At the request of the US FDA, standardized neurologic assessments were conducted prospectively at each visit to identify events indicating possible local or distant spread of toxin. Neurologic symptoms were assessed by a focused symptom questionnaire that asked subjects about problems with ocular, lingual/ pharyngeal, and systemic muscle functions and by a focused neurologic examination.
Immunogenicity
Blood samples were collected from each subject on Day 1 (pretreatment) and on Days 30 and 90 or at earlier discontinuation. Samples were assessed for BoNTA-binding antibodies (enzyme-linked immunosorbent assay), and positive samples were then screened for neutralizing antibodies to BoNTA (mouse protection assay). 
Data Analyses
All efficacy analyses were performed on the intent-totreat (ITT) population, which included all subjects randomized to the study. Missing values for the primary efficacy variable were imputed using the last observation carried forward. For the primary ITT FWS responder analysis for the US FDA only, subjects with missing data at a given time point were deemed nonresponders for that visit. Safety analyses were conducted on all subjects who received the study drug.
Results
Subjects
Disposition and exit status is shown in Figure 2 . At baseline, treatment groups did not differ significantly in their demographics (Table 2 ), in investigator-or subject-rated CFL severity on the FWS, which was moderate-to-severe for all subjects ( Table 3 ). The groups were also similar in baseline FLO-11 scores and perceived age on the SPA measure (data not shown). At baseline, 72.4% of subjects in the onabotulinumtoxinA treatment group and 73.5% of subjects in the placebo treatment group were unsatisfied or very unsatisfied with their appearance based on the Subject Assessment of Satisfaction of Appearance.
Efficacy
For all primary and secondary end points, responder rates were significantly higher in the onabotulinumtoxinA treatment group than in the placebo group. Both the co-primary and composite primary end points were achieved.
Co-primary End point
At the primary efficacy time point of Day 30, the proportion of subjects achieving a CFL grade of none or mild on the FWS at maximum smile was significantly greater for the onabotulinumtoxinA-treated subjects than for placebo-treated subjects ( Figure 3A,B) . At that time point, the investigator-rated responder rate was 66.7% for the onabotulinumtoxinA group compared with 6.7% for placebo group (p < .001). The corresponding subject-rated responder rate was 58.1% for onabotulinumtoxinA compared with 5.4% for placebo (p < .001). Statistically significant differences favoring onabotulinumtoxinA treatment were maintained at all visits through Day 150 (p < .001, all comparisons). Investigator-assessed responder rates were slightly greater numerically, but not statistically, than subject-assessed rates through Day 90 and peaked at Week 2, in contrast to subject-assessed response rates, which peaked at Day 30.
Composite End point
At Day 30, the composite responder rate was significantly greater for onabotulinumtoxinA-treated subjects than for placebo-treated subjects (25.7% onabotulinumtoxinA 24 U group compared with 1.3% placebo group; p < .001). Responder rates on the investigator and subject assessments alone were also significantly greater for onabotulinumtoxinA-treated subjects at Day 30 than for placebo-treated subjects (investigatorassessed, 40.5% onabotulinumtoxinA 24 U group compared with 1.8% placebo group; subject-assessed, 32.4% onabotulinumtoxinA 24 U group compared with 1.3% placebo group; both p < .001).
Investigator-Assessed Responder Rates on the FWS
The proportion of subjects with at least a 1-grade improvement in CFL severity on the FWS as assessed by the investigator was significantly greater for the onabotulinumtoxinA group than for the placebo group at Day 30 and at all visits through Day 150. These significant improvements were seen both at maximum smile and at rest (p < .001; Figure 4 ).
PRO: FLO-11 (Psychological Impact Items 2, 5, and 8), SPA, SGA-CFL, and Subject Assessment of Satisfaction of Appearance
For FLO-11, the proportion of responders for each item (2, 5, and 8) was significantly greater for onabotulinumtoxinA-treated subjects than for subjects Subjects rating themselves in a younger SPA category after treatment than at baseline were considered SPA responders. The analysis, therefore, included only those subjects who rated themselves as either looking their current age or older than their current age at baseline (onabotulinumtoxinA, n = 183; placebo, n = 185). The proportion of subjects rating themselves as looking younger compared with baseline was significantly greater for onabotulinumtoxinA-treated subjects than for placebo-treated subjects at Day 30 and all visits through Day 150 (p < .001; data not shown).
On the SGA-CFL, the proportion of subjects rating themselves as very much improved or much improved was significantly greater for the onabotulinumtoxinAtreated subjects than the placebo-treated subjects at Day 30 and at each visit through Day 150 (p < .001; Figure 5 ).
At Day 30, 60.1% (131/218) of the onabotulinumtoxinA-treated subjects were satisfied or very satisfied with their appearance compared with 7.5% (16/214) of placebo-treated subjects, which was a statistically significant difference (p < .001).
Duration of Response
The median duration of effect for responders achieving an FWS grade of none or mild (maximum smile) on Day 30 was 118 days for investigator assessments and 116 days for subject assessments. Investigator-and subject-assessed median duration of effect for Day 30 responders with an improvement from baseline of at least 1 grade on the FWS (maximum smile) was 125 and 144 days, respectively.
Safety Measures
Adverse Events
In the safety population (N = 444), at least 1 AE was reported by 36.0% of all subjects, 39.1% (86/220) of onabotulinumtoxinA-treated subjects and, 33.0% (74/224) of placebo-treated subjects. Most events were mild to moderate in severity. The most frequently reported AEs (reported by 1% or more of subjects) are shown in Table 4 . No treatment discontinuations resulted from AEs. Treatment-related AEs were reported by 6.4% (14/220) of onabotulinumtoxinA-treated subjects and 4.5% (10/224) of placebo-treated subjects. The majority of them were mild. No clinically relevant between-group differences were observed. Headache was the most frequently reported treatment-related AE in each group (onabotulinumtoxinA, 2.7% [6/220]; placebo, 1.3% [3/224] ). Injection-site hemorrhage and injection-site reaction were each reported in 2 of the 220 (0.9%) onabotulinumtoxinA-treated subjects. Injection-site hematoma and injection-site pain were each reported in 3 of the 224 (1.3%) placebo-treated subjects. One serious event, termination of a nonviable twin pregnancy early in the first trimester of pregnancy in the onabotulinumtoxinA group, was reported as treatment related.
Neurologic Assessments and Spread of Toxin
The neurologic assessment revealed no neurologic events or clinically relevant neurologic findings related to possible spread of toxin. Four subjects (1 onabotulinumtoxinA and 3 placebo) reported AEs identified as having a potential relationship to possible spread of toxin. Following detailed medical assessment, mild muscular weakness of the lower eyelid in the onabotulinumtoxinA-treated subject was considered a local pharmacological effect. No events were deemed related to distant spread of toxin.
Immunogenicity
No neutralizing antibodies to onabotulinumtoxinA were detected.
Discussion
In this first large Phase 3 study evaluating the efficacy and safety of onabotulinumtoxinA to treat CFL, all prespecified primary, secondary, and other efficacy endpoints were met. This included the most rigorous composite primary end point, which required a decrease of at least 2 grades from baseline in CFL severity at maximum smile as assessed by both the investigator and the subject on a per-subject basis. Additionally, the proportion of subjects with an investigator-assessed clinically meaningful improvement of at least 1 grade on the FWS, both at maximum smile and at rest, was significantly greater for onabotulinumtoxinA subjects than for placebo subjects through Day 150. The significant improvements in CFL severity as measured by the FWS were supported and complemented by results on a number of PRO measures. The slightly higher numeric differences in responder rates as assessed by investigators versus subjects may be attributable to several factors. First, the investigators were experienced clinicians who routinely assessed CFL in their practices. Additionally, each clinician participated in a standardized training program and gained further experience during this study. Finally, subjects looked into a mirror at an oblique angle to view their CFL compared with the direct view of the investigators. The oblique angle may have made it difficult to see subtle improvements and may thus account for the lack of agreement between the investigator and subject assessments. The inability to detect subtle improvements may also explain why subjectassessed peak response was later compared with the investigator-assessed peak response.
OnabotulinumtoxinA treatment was well tolerated in this study, with no clinically relevant between-group differences in the incidence of AEs and no discontinuations because of AEs. No neurologic findings or AEs suggested distant spread of toxin; no neutralizing antibodies to onabotulinumtoxinA were detected. One serious AE, termination of a nonviable twin pregnancy (miscarriage of 1 fetal sac and subsequent no fetal heart rate leading to termination of the other) early in the first trimester of pregnancy, was reported as treatment related, although the investigator considered the event unlikely to be related to onabotulinumtoxinA treatment. The occurrence of spontaneous abortion in Figure 5 . Proportion of subjects rating themselves as "very much improved" or "much improved" on the SGA-CFL. The boxed bars represent the primary time point. a indicates P < .001.
this study is lower than the overall fetal loss rate of approximately 17% in the US population. 7 Two other pregnancies occurred in this study, 1 in an onabotulinumtoxinA-treated subject and 1 in a placebo-treated subject; both went to term with no complications.
Generally, treatment effects were observed by the first inoffice visit at Week 1 and lasted up to 5 months, which was the end of the study. This study was not designed to assess the onset of effect, likely to have occurred before the first assessment. Durations of effect longer than 5 months also could not be determined in this study.
It has recently been stated that CFL treatment effects are best evaluated at rest. 8 Nevertheless, botulinum toxins affect the muscles, and therefore assessment of the attempted contraction of treated muscles provides reliable and relevant results. Subjects with moderate-to-severe lines at maximum smile seek onabotulinumtoxinA treatment though their lines at rest may be less severe. Also, treatment effects are clearly discernible at maximum smile, whereas assessment of treatment at rest alone may also be influenced by subtle factors such as skin care regimen and hydration. Although the primary end points in this study were based on assessment at maximum smile, the design also incorporated assessments at rest, which provides a comprehensive profile of treatment effects in both contracted and resting conditions. *Only includes AEs with corresponding preferred terms of incidence rate of at least 1% for any of the treatment groups. †Percentages were based on the female population. ‡Percentages were based on the male population. In conclusion, this initial study in a robust Phase 3 program established that onabotulinumtoxinA is effective and well tolerated for the treatment of moderate-to-severe CFL based on a broad range of clinical and PRO measures. In subjects treated with onabotulinumtoxinA, significant improvements in CFL severity were measured by the FWS at Day 30 and treatment effects lasted through the end of the study, as assessed independently by the investigator or the subject, and were observed both at maximum smile and at rest. These FWS results were complemented by high subject satisfaction for the duration of the 5-month study.
C A R R U T H E R S E T
Note: Dosing and results reported in this study are specific to the formulation of BoNTA manufactured by Allergan, Inc. This formulation is not interchangeable with other botulinum toxin products and cannot be converted using a dose ratio.
